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Abstract 

Purpose: To fix the light emission brightness of multiple light emitting diodes 
(LED), while at the same time preventing the supply of high current to other LEDs 
when a given LED is in an open state. 

Constitution: 2 or more light emitting diodes (LED1, LED2) are connected in two 
rows, with transistors TR1 , TR2 connected to each LED respectively as a current 
regulating device. The base voltage of these transistors is controlled by an op- 
amp OP; a fixed voltage VIN is input to one of the input terminals on this op amp 
and the emitter voltage V1 from the transistor TR1 is input to the other input 
terminal, and a resistor R3 is further connected between the op amp output and 
the base. By provision of this resistor R3, when one LED is in an open state, a 
rise in base voltage on the transistor connected to the other LED is prevented, as 
is the incidence of high currents. 

Utility Model Claims 

1. An LED drive circuit characterized in that in an LED drive circuit in which 2 or 
more LEDs are connected in 2 rows, and a current limiting device is connected to 
each row of LEDs, respectively, so as to limit the drive current to each LED, an op 
amp is provided to control the current limiting element, with a fixed voltage input 
to one of the input terminals of the op amp, and a voltage generated based on the 
current which flows on one of the current regulating devices on the other [op amp] 
input terminal. Further, a resistor is connected between the op amp output 
terminal and the current regulating device control input terminal. 

Claim 2: The LED drive control circuit of Claim 1, characterized in that 2 current 
regulating devices are respectively constituted of bipolar devices of identical 
specification; LEDs are respectively placed between each collector and a power 
supply at one potential, and resistors are respectively connected betw en each 
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emitter and a power supply at a different potential; each base is mutually 
connected, while at the same time the op amp output terminal is connected 
through a resistor to the base, and one of the transistor emitters is connected to 
the other op amp input terminal. 

Claim 3. The LED drive circuit of Claim 2, in which the resistance value of the 
resistor placed between the op amp output terminal and the transistor base is set 
to be sufficiently higher than the resistance value of the resistor connected to the 
transistor emitter. 

Brief Description of Figures 

Fig. 1. An overview circuit diagram of one embodiment of the LED drive circuit of 
the present Utility Model. 

Fig. 2. An equivalent circuit diagram to explain the current value on the other LED 
when one LED goes to an open state. 

Fig. 3. A circuit diagram for the case in which the base of the current regulating 
device of the present utility model is not connected. 

Fig. 4. An equivalent circuit diagram to explain the current value of the other LED 
when one LED in the Fig. 3 circuit goes to an open state. 

Fig. 5. A circuit diagram of the main sections of another embodiment of the 
present utility model. 

Fig. 6. A summary diagram of a bar code reader using an LED as light source. 

Fig. 7. A partial circuit diagram of one example of a conventional LED drive circuit. 

Fig. 8. An equivalent circuit diagram to explain the current value on the other LED 
when one LED in the Fig. 7 circuit goes to an interrupted state. 

Reference Numerals 

LED1, LED2: Light emitting diode rows (LED rows) 
OP: Op amp 

TR1 , TR2: Transistors (current regulating devices) 
R1-R3: Resistors 
2: LED 

4: LED drive circuit 

5: Lens 

6: Bar code 

7: CCD line sensor 

8: Signal processing circuit. 
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Detailed Description of the Utility Model 
.0001 

Industrial Field of Application 

The present utility model relates to a drive circuit for causing an LED (light 
emitting diode) to emit light. In particular, it relates to an LED drive circuit for 
causing multiple LEDs to emit light at a fixed brightness. 

0002 
Prior Art 

In general, when arraying multiple LEDs for use in a surface light source, it 
is necessary to cause each LED to emit light at a fixed brightness. For example, 
Fig. 6 is a conceptual diagram of a bar code reader using LEDs as a light source; 
multiple LED2s are arrayed on a substrate 1, which is placed in a bar code reader 
housing 3 and connected to a drive circuit 4 and caused to emit light. Emitted light 
refers to a bar code 6 through a lens 5, and the reflected light therefrom is 
received by a CCD line sensor 7. An electrical level signal is output from this CCD 
line sensor 7 based on the difference in reflected light from the respective black 
and white bars of the bar code, thus enabling the bar code to be read by 
processing of the electrical signal in a processing circuit 8. 

Thus, when arraying multiple LEDs and using them as a planar light 
source, if the brightness of each LED is not uniform, the brightness of the 
illuminated bar code will not be uniform, resulting in a variation in the amount of 
reflected light from black and white bars and read errors by the CCD line sensor. 

0003. 

For this reason, a current regulating circuit has conventionally been 
provided in the LED drive circuit in order to maintain a fixed LED emitted light 
brightness even when power source voltage fluctuates, such that multiple LEDs 
can be caused to emit a fixed and uniform light by holding fixed the current 
supplied to the LEDs. However, because of the need to regulate all the current 
supplied to multiple LEDs in this fixed current circuit, the size of the circuit 
becomes large in scale, making it undesirable for use in the compact, portable 
type of bar code reader shown in Fig. 6. 

0004 

It has therefore been proposed in the past to use a circuit which achieves 
LED current regulation with an op amp. Fig. 7 is such an example; multiple LEDs 
- in this case LED rows LED1 and LED2 in which 2 LEDs are respectively directly 
connected - are then respectively connected to the collectors and emitters of the 
current regulating transistors TR1 and TR2. By supplying a fixed voltage to each 
base of these transistors TR1 and TR2, regulation of the current supplied to each 
LED1 and LED2 was achieved. Here the regulated voltage supply comprises an 
op amp OP, with the input voltage VIN and the emitter voltage V1 of one of the 
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transistors TR1 serving respectively as the positiv phase input and negative 
phase input. Resistors R1 and R2 are respectively conn cted to the emitters of 
each transistor TR1 and TR2. 

0005 

With this constitution, the positive phase input terminal and negative phase 
input terminal of the op amp OP [form a] virtual short, such that VIN = V1, and the 
currents 111,112 flowing at each LED1 and 2 are equal, as are the emitted light 
brightnesses of LED1 and LED2. 

In Fig. 7, each LED1 and LED12 [sic?] are connected in LED rows, but the 
same applies to [devices] comprised of single individual LEDs. 

0006 

Problems the Utility Model Seeks to Resolve 

Thus, in drive circuits using op amps, a malfunction on one LED (or LED 
row; the two shall be treated as equal below) results in the flow of a higher than 
setting current to the other LED. Detailed reasons are described below, but this 
means that when one LED is in an open state due to malfunction or maintenance, 
etc., the output voltage on the op amp will rise to close to the power supply 
voltage, and the large current determined by this voltage and by the transistor and 
resistor connected to the other LED[s] will flow to the other LED, causing the LED 
brightness to fluctuate, thus degrading bar code reading performance or breaking 
the LED as a result of this large current. 

The object of the present utility model is to provide an LED drive circuit 
which regulates the emitted light brightness of multiple LEDs, while preventing the 
supply of large currents to other LEDs even when one LED goes to an open state. 

0007 

Means for Resolving Problem 

In the LED drive circuit of the present utility model, 2 or more LEDs are 
connected in 2 rows, with the LEDs of each row respectively connected to a 
current controlling element, such that the LED drive circuit controls the drive 
current to each LED by current controlling elements. An op amp is provided which 
controls the current controlling elements; a fixed voltage is input to one of the 
input elements of this op amp, and a voltage generated based on the current 
flowing at one of the current controlling elements is input to the other input 
terminal; a resistor is connected between the op amp output terminal and the 
current regulating device control input terminal. 

For example, 2 current regulating devices comprise bipolar transistors of 
the same specification, with LEDs respectively connected between the collector of 
each and a power supply at one potential, and a resistor respectively connected 
between the emitter of each and a power supply at another potential; each base 
is mutually directly connected, while the op amp output terminal is connected to 
the base through a resistor, and one of the transistor emitters is connected to the 
other input terminal of the op amp. 
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In this case, a design is adopted such that the resistance value of the 
resistor connected between the op amp output terminal and the transistor base is 
sufficiently larger than the resistance value of the resistor connected to the 
transistor mitter. 

0008 

Embodiment 

Next we shall explain the present utility model with reference to figures. 
Fig. 1 is a circuit diagram of an embodiment of the LED drive circuit of the present 
utility model. It shows, as an example, the case of an LED drive circuit used in a 
light source for a bar code reader. Transistors TR3 and TR4 and resistors R4-R7 
comprise the switching circuit section; when the ON/OFF signal which causes the 
LED to emit light is input to the drive signal input terminal IN connected to the 
base of transistor TR3, [the configuration] is constituted such that the power 
supply voltage VCC is output to the power supply line connected to the collector 
of transistor TR4. 2 LED rows of multiple (in this case 2) cascaded LEDs, that is 
to say LED1 and LED2, are respectively parallel connected to this power supply 
line, and the collectors of current controlling transistors TR1 and TR2, the bases 
of which are mutually directly connected, are connected to LED 1 and LED2 
respectively, with each emitter respectively connected through resistors R1 and 
R2 to ground. 

0009 

At the same time, the voltage regulating circuit section is connected to the 
aforementioned power supply line. This voltage regulating circuit section has a 
voltage regulator IC, which maintains a specified voltage supplied on the 
aforementioned power supply line, and regulates the output voltage VO thereof. 
Also, the voltage regulator IC output voltage VO is voltage divided by resistor R8 
and R9, and the voltage-divided voltage VIN supplied to the op amp OP positive 
phase input terminal. Resistor R3 is directly connected to the output terminal of op 
amp OP, and the output of op amp OP is supplied to the each of the 
aforementioned transistors TR1 , TR2 through the resistor R3. Also, the emitter of 
one of the transistors TR1 is connected to the reverse phase input terminal of the 
op amp OP. 

0010 

According to this configuration, input of an ON signal at the drive signal 
input terminal IN causes transistors TR3, TR4 to go on, such that power supply 
voltage VCC is supplied to the power supply line. When this occurs, a fixed 
voltage VO is output from the voltage regulator IC, and the voltage VIN, divided 
by resistors R8, R9, is input to the positive phase input terminal of op amp OP. 
Voltage V2 is then output from the output terminal of op amp OP, and this voltage 
V2 is input to the base of transistors TR1 , TR2 through the resistor R3. Controlling 
the collector/emitter currents on transistors TR1, TR2 enables control of the 
currents 11 , 12 flowing to LED rows LED1 and LED2. When transistors having 
identical characteristics are used forTRI and TR2, and identical resistance 
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values are us d for resistors R1 and R2, the currents 11 and 12 resp ctively 
flowing to th LED rows LED1 and LED2 will be equal, and light of uniform 
brightn ss will be emitted from each LED row LED1 and LED2. 

0011 

That is to say, because the positive phase and reverse phase are virtually 
shorted, V1 = VIN, and a current 11, where 11 [symbol unavailable] 
"approximately, equals" VIN/R2, flows to LED row LED1 . If resistor R1 = R2, the 
transistors TR1 and TR2 have a common base, and the voltage VBE across the 
base-emitter of each transistor will be equal, such that 12 - 11 in a current mirror 
configuration, and an equal current will flow to LED row LED2 as to LED1 . As a 
result, an equal and fixed current will flow to LED1 and LED2, making it possible 
to maintain a fixed and uniform LED1 and LED2 brightness. 

0012 

For example, as shown in the respective parenthetical values for 
resistance and voltage in Fig. 1 , if VIN = 0.5V; R1 = R2 = 33 , and transistor TR1 
and TR2 VBE = 0.6V, then transistor TR1 and TR2 base voltage V3 will be V3 = 
V1 + VBE, and therefore 
V3 = 0.5V + 0.6V = 1.1V. 

From 11 approximately equals VIN/R2, 

= 0./33, 
we have 

11 = 12 approximately equals 1 5.2 mA. 
0013 

Here we consider the case in which one of the LED rows, for example 
LED1 , goes to an open state, and the circuit is open. In this event, the Fig. 1 
circuit becomes the equivalent circuit shown in Fig 2(a). Transistor TR1 is 
equivalent to a diode D1 with a Vf = 0.6V. Due to the virtual short, op amp OP 
attempts to make V1 into VIN, but because resistor R3 is directly connected to the 
output of op amp OP, a rise of V1 to the VIN level is suppressed according to the 
equation shown below, even if the op amp OP output voltage V2 rises to close to 
the power supply voltage VCC. When resistor R3 = 10 K , V1 will be suppressed 
to 0.031V even if the op amp OP output voltage is VCC (= 10V). 

0014 

That is to say, V1 is the voltage across the two sides of resistor R1 , and 
therefore 

V1 =(V2-Vf)xR1/(R3 + R1) 
= (V2-Vf)x33 /(10K = 33 ) 
= (10 - 0.6) x 33/10033 = 0.031 

Therefore the base voltage V3 on the transistor TR2 becomes 
V3 = V1 + Vf = 0.031 + 0.6 = 0.631V, 
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and is lower than normal, such that the current flowing to the LED row LED2 is 
reduced. Put another way, there is absolutely no incidence of overcurrent flowing 
to LED row LED2. 

0015 

In the meantime, the other LED row LED2 is in an open state; the open 
circuit case is shown in equivalent circuit 2(b). Transistor TR2 is equivalent to a 
diode D2 having a Vf = 0.6. Op amp OP, due to the virtual short, attempts to 
make V1 into VIN, but the transistor TR1 base is connected to ground through a 
diode and the resistor R1 , so that even if op amp OP output voltage V2 rises to 
close to VCC, V1 does not reach VIN (0.5 V). Therefore even if the op amp 
maximum output voltage is 10V, the transistor TR1 base voltage V3 will be 0.63V. 

0016 

In other words, the voltage at V3 is Vf added to the voltage across the 
resistor R2 from V2, and therefore 

V3 = (V2 -Vf) x R2/(R3 + R2) + Vf 
= (1 0 - 0.6) x 33/1 0033 + 0.6 = 0.63V. 

We then have 

V1 = V3 - VBE = 0.63 - 0.6 = 0.33V. 

Therefore the current 11 flowing to LED row LED1 is extremely reduced by means 
of the transistor TR1 . 

As a result of the above, when for some reason either LED 1 or LED2 of 
the LED row goes to an open state, current to the other LED row is reduced, thus 
preventing breakage of the other LED due to an overcurrent. 

Here we describe the case in which the conventional LED drive circuit 
depicted in Fig. 7 is compared to the circuit of the present utility model. Normally, 
because the op amp OP positive phase input terminal and reverse phase input 
terminal are virtually shorted, V1 = VIN, and a current 11 = VIN/R1 flows to LED 1. 
Also, when R1 - R2 , a current 112 = 11 1 flows due to the transistor TR1 and TR2 
current mirror configuration, such that a fixed and uniform current flows to each of 
LED1 and LED2. 

0018 

Here, when one of the LED 1s is in an open state, the Fig. 8 equivalent 
circuit obtains. Op amp OP outputs a voltage V2 such that V1 becomes VIN. A 
current 11 1' of V1/R1 = 0.5/33 = 15.2 mA flows to R1 , and a similar current flows 
between the base and emitter of the transistor TR1 , which is equivalent to diode 
D1 1 . At this point, because the current between the transistor TR1 base and 
emitter is larger than for the transistor TR2 base-emitter voltage VBE, VBE(TR1) 
will be greater than VBE(TR2). 

0019 

If we now let VBE(TR1) = 0.8V, VBE(TR2) = 0.6V, then 
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V2 = V1 + VBE(TR1) = 0.5V + 0.8V = 1 .3V; 

112' = (V2 - VBE(TR2))/R2 = (1 .3 - 0.6)/33 = 21 mA, which is larger than the 
initial current setting. 

Therefore the other LED2 current increases and brightness increases, and 
there is a danger that the LED2 life will be shortened if LED2 light emission 
continues under these conditions. 

When the other LED2 goes to an open state, there is no change in 11 , and 
breakage is prevented. 

0020 

It is important in the present utility model that the bases of LED1 and LED2 
current regulating transistors TR1 and TR2 are directly connected. One can 
conceive, for example, of a circuit in which, even though resistors R3A and R3B 
are interposed on the output side of the op amp OP, the bases of the current 
regulating transistors TR1 and TR2 for LED 1 and LED2 are not directly 
interconnected, and each is respectively regulated by the output of the op amp 
OP. 

In this circuit, when LED1 goes to an open state, the Fig. 4 equivalent 
circuit obtains. At op amp OP, voltage V2 rises so that V1 becomes VIN. 
However, an R3A = 1 0K is connected [thereto], so that even if V2 rises to close 
to the op amp OP power supply voltage, V1 will not reach 0.5V. 

0021 

When V2 rises to close to the power supply voltage VCC (10V), the 
transistor TR2 becomes a simple emitter follower circuit, and current 12 becomes 
12 = (VCC - VBE)/R2 
= (10 -0.6)/33 = 285 mA; 

an overcurrent will flow to the other LED2, resulting in breakage of LED2. 

However, when LED2 goes to an open state, there will be no change in 11 , 
and that breakage will be prevented. 

0022 

In the embodiment of the present utility model depicted in Fig. 1 , transistors 
TR3 and TR4 are turned off when an OFF signal is input to the drive signal input 
terminal IN, such that power supply VCC is not supplied to the power supply line, 
and no power is supplied to the anode side of LED1 or LED2. It is therefore 
possible to reliably prevent leakage current in both LEDs 1 and 2, yielding an 
effective reduction in power consumption. 

0023 

In the present utility model, as shown in Fig. 5, when a particular LED3 is 
to be caused to emit light using a drive current different from that of LED1 and 
LED2, the particular LED3 current regulating transistor TR5 may also be driven 
using an op amp OP2 different from the op amp OP1 used to effect current 
regulation for LED1 and LED2. That is, by changing the value of the resistor R10 
connected to the emitter of the current regulating transistor TR5, LED3 can be 

613421.1 



caused to emit light using a current different from that [supplied] to LED1 and 
LED2. Also, a resistor R3' is here connected to the output terminal of the op amp 
OP2. 

In this case, the LED1 and LED2 can be caused to emit light by equal drive 
currents and the LED3 caused to emit light by a different drive current. Even in 
this case, it goes without saying that breakage of one LED2 or LED1 can be 
prevented in case the other LED1 or LED2 goes to an open state. 

In the present embodiment we have depicted an example of the present 
utility model in which the LED is used as a bar code reader light source. Clearly it 
can be similarly applied in an LED drive circuit for multiple LEDs used to form a 
surface light source. 

0024 

Effect of the Utility Model 

In the utility model explained above, current regulating devices are 
respectively connected to LEDs connected in 2 rows; a resistor is placed between 
the output terminal of the op amp which controls each LED's drive current and the 
power supply regulation device, so that when one row of LEDs goes to an open 
state, the increase in LED current on the other row is suppressed by the 
connected resistor even if the op amp output voltage increases, and a reduction 
in life or breakage of other LEDs can be effectively prevented. 

When the current regulating device is configured from bipolar transistors, 
the bases of the bipolar transistors used as the terminals of each current 
regulating element are directly connected, such that the current flow to each LED 
is equalized in a current mirror configuration, and a uniform and fixed current is 
caused to flow, enabling a uniform and fixed brightness of light to be emitted. 

In this case, by selecting a resistance value for the resistor connected 
between the op amp output terminal and the bipolar transistor base which is 
sufficiently larger than the resistance value of the resistor connected to the 
emitter, the increase in base voltage when one of the LEDs goes to an open state 
can be effectively prevented, and the rise in current can be suppressed. 



[END] 
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o LT, dft^ h7>^^TRl, TR203l/^^-x5 y ?nW.*fflffl 
~rz>Z£^ LEDBILED1, L E D 2 izMM^^^W. I 1 , I 2 $r$U^li" 
&o h^^v^^TRl, TR 2 — &&<D k <D&mv* b ti, fro 

&JftRl, R2ti|^-^^i:-r^t. LEDF0LED1, L ED 2 KiizfcSft 
-6W3EI1, I 2tt^fteft^L< #LED#JLED1, LED2ii^- 

[0011] 

V1=VIN£&*K I 1 #V I N/R 2<^m»!EI l^LED^jjL 
ED 1 Cifittl&o fit, igtftR 1 = R 2 b9>^^TR 1 tTR 

2(i^-X^jl-e*l9, - i5 y ^WEJEVBE 

tf»4$L,V*fc^ h^-JfU&KJ: >) I 2 = 1 1 L E D^ljL E D 2 

LED 1 tmL^mmmtlZo LEDULED2i:ii^L< 



(8) 7-39120 

ri»o— 5£tf>*«Ej& f «*U LED1, LED2<OJ^JKtr-^-C^o^;-(C^-r^ 
[0 0 12] 

N=0. 5V> Rl=R2 = 33fl, #h7^y^^TRl, TR2«OVBE = 
0. 6Vtt*t> h5>'^^TR 1 tTR2<7)^-xmffiV3li. 
V3=V1+VBE 

V3 = 0. 5 V+0. 6 V= 1. 1 V 

I 1 =V I N/R 2 

= 0. 5/3 3 

II = 12 = 15. 2mA 

[0 0 13] 

C^-C, -#OLED?!k «&l*LEDljW#JBIfcfc*K 
&o£*§£-£#;i&o -<Ot#, m 1 OHIKJiia 2 (a) ?>^ifli0i&t&&o h 
7>y^^TRlliVf = 0. 6VO^t-KDltfIt^*o *^T^:/ 
OPIi>f^t'Jy3 - HCt 0 VI £V I NKL«fc 9 ^^T>-/0 

op^>ai*mffiV2^mi!gmmvcci£< t-c±#tt^> vi^vi Ntc^r 

±#-f-^^ t^x.'btLao $$lR3 = 1 OKOtU**, ^7>yOPO 
tftfjWE^VCC (=10V) K&o£tLT*>> VI {±0. 03 1Vi:^<o 

[0 0 14] 

Efli, V lliV2K,J:&&#LR KDm^n&'Chbfrb, 
Vl = (V2-Vf) XR1/ (R3+R1) 



(9) 51^7-3 9120 

= (V2-Vf) X3 3n/ (10Kft+33fl) 
= (10-0. 6) X3 3/1 0 0 3 3 = 0. 031 
Lfc^T, h^^v^^TR 2 <Ds<- ^MB-V 3 It, 

V 3 = V 1 +V f =0. 0 3 1 + 0. 6 = 0. 6 3 1 V 

t&o-C, lEIWJ: *) *>fl£T£*U ZftizX OLE D^'JL E D 2 izMifiL'£fcZ> I 
2 *t& 0 &W"f *U£ N L E D^IJL ED 2 KiimSfc^ft* Cl t < Kc 

[0 0 15] 

ft&#OLED^jLED2;WI»i:&^ ®m s *-7> ^%otzWi& 
<7)mffi®&*m2 (b) K^-f 0 h^>>**TR2{iVf = 0. 6VO^t 
- KD 2 tmffi£%2>o t^T^/OPI^v^tV va - Hc«fc 0 V 1 £V I 
NKLJ: ? t1-&1)\ h7>v^*TR 1 ^^-^l*^ K tfflfcR 1 &4h 
LtII$iltV^^)t, ^-^T>7 p OPOm^7®ffiV2^VCCia< tt±# 
LT«>, VlliVIN (0. 5V) *T$tL.fcv\, Lfe^oT, >fS^^-^T>7 p 
(0^m^mJE75 ? lOVtUi, b7>y*X^TRl *>^-**JE.V 3 li 0 . 

6 3Vh^o 

[0 0 16] 

BP*,, V3I±V2 XZmfCR 2 OW»0«flEJCV f £fln;i£mJ!±-e& 

V3= (V2-Vf) XR 2/ (R3+R2) +V f 

= (10-0. 6) X3 3/1 0 0 3 3 + 0. 6 = 0. 63V 
Vlli, 

V 1 =V3-VBE = 0. 6 3-0. 6 = 0. 3 3V 

t Lfcj&*ot\ f7>^^TR 1KJ: 0 LED^iJLED 1 IzMmZtlZ 
J£Lt<£> LED^lJLED 1 s£v»J£L ED 2 O-^ W ^Olft t*lf 

E D $ tl& ^ 1 rt ? Rflt S & o 

[0 0 17] 



(10) #£R¥7-39 120 

lit, HI7 lzmLfz'&*<7)LEDmW)®&ZffomLfz*^<D®&t}t%lL 

vy't'iya-ft*^:^ Vl=VINti>), I 1=VIN/R l<Oll 

tTR20*U>'h5 7-fflmz£ I}. 112 = 11 lOWSt^aEftafc^ # 
LED1, LED 2 iCti— ^-C^oJ^-r^msiL^tL^o 
[0 0 18] 

££-r% -^lde it>mtmt%-?tzm&Mt, msvmmm&tz&o 

t^T^^OPIiV 1 & V I NHS:* <fc ? V 2 O^EE&tfi^-f 3o R 1 KJi, 
V1/R1=0. 5/33 = 15. 2mA 

(DWMl 1 1' SHaMM:^:*— KD 1 1 fcSftfc f7>^X^TR 1 

^-^.x^^g|i)IVBE (TR1) ia7>y^^TR2^-X-x 
^•y^MmJEVBE (TR2) fcJttfcLT«aW**:# v>7t*!>> VBE (TR1) 
>VBE (TR 2) < 
CO 0 1 9] 

^ VBE (TR1) =0. 8V, VBE (TR2) =0. 6Vtnt, 
V2=V1+VBE (TR1) =0. 5V+0. 8V=1. 3V 

112' = (V2-VBE (TR2) ) /R2 = (1. 3-0. 6) /33(1 = 
2 1mA 

L/w^oT, ffe^OLED2 0m» ? *i7^LT^Jg^< & «K ^-^fcl 
^LED2 0f&7fc&2&£H-<2>£, LED2^^75 ? ®<^^^-€-tl^^o 

[0 0 2 0] 

LEDltLDE20SIiHh7>y^^TRl, T 



(11) g!B¥7-3 9 120 

^T^OPOffi^HffllC&JftRS A, R3B£4Hf Ltzffi&t L£&£"C*>> L 
ED 1 HED2W#lIWb7>^^TRl, TR2^-X^iti 

CKalSg&tCiS^T^ LED ld*»r#JEtfcfcofc*: m4<7)&m®&t%2> 0 
^^T>-/OPtiV 1 «rVI NK£& J: ? K V 2 <E>mJGE£±#l- Lri*U 
R 3 A = 1 0 Kn^^c$tLTV^O"CV 2^^T>7 p OP^)m^mEEi5< * 
-C±#$ttT^> V 1 liO. 5V£-CS§L&v\, 
[0 0 2 1] 

— v 2^ ? m^mJEtvcc (iov) ss< $-e±#?-$*i&£> 

T R 2 l£Jp.&<5-*-^ * * , 7*nTll]?&£&'K «» I 21*. 
I 2= (VCC-VBE) /R2 

= (1 0-0. 6) /3 3 = 2 8 5 mA 

ffli;fr<0LED2K»*ito&*Sfc*U LED 2 
*BL> LED2#ltf*0HIK*ofcfc#teH\ IlCli»^<> 

[0 0 2 2] 

?j yizimMvcctmrnztizztttftt^ LED1, led2c?tv — K 

«IC**0*tti|&S*l*£fc#fcv\, U:^oT, ^LEDl, 2 KiSlt&MtlS 
[0 0 2 3] 

^#S<±, ®5K;jrf J:?^ ^LED3»LED1, 2 ti± 

mKzmmmffi^^ztt^&w^ ledi, 2<ommmmin J )^^r 
y -f o p i t temte&i-^T yyo?2 zm^rftfev led 3 <Dmmmmm y 

^TR50i5 y^*Ctt«tfc^R l 0Offi*rffiili-*it-e. L.ED1, L 
ED 2 £H&&m3reLED3 *§&3t2*t2> Z ttf?£ Zo tfz, 



(12) 7-39120 

LED1 tLED2lifU^SiilE-e^^ f«LED3li 
#lft£|gl&ms{£-ef£>fc£-£&- ttf-CZ&o Z<0®&T»i>, LED 1 tLED2 

[0 0 2 4] 



{ 



